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Description 

3ackground of the Invention 

5 This invention relates to a novel hybnc protein and. more oarticularty, to a synthetic blood coagulation inhibitor 

having an ammo acid sequence composed of two subsequences of human plasma Factor X and human Lipoprotem-As- 
sociated Coagulation Inhibitor (LACI), respectively 

The coagulation cascade that occurs in mammalian blood compnses two distinct systems - the so-called intrinsic 
and extrinsic systems The latter system is activated by exposure of blood to tissue thromboplastin (Factor III), hereinafter 

io -starred to as tissue factor (TF) Tissue factor is a lipoprotein that arises in the plasma membrane of many cell types 
and in which the brain and lung are particularly rich Upon coming into contact wrth TF, plasma Factor VII or rts activated 
*orm, Factor Vll a , forms a calcium -dependent complex with TF and then proteolytically activates Factor X to Factor \ , 
and Factor tX to Factor IX,, thereby triggering a cascade of events which leads eventually to the formation of thrombin 
and a fibrin clot 

is Plasma contains a Lipoprotein- Associated Coagulation Inhibitor (LACI) which inhibits activated Factor X f Xa) directly 

and. in a Xa-dependent manner, inhibits VU(a)/TF activity, presumably by forming a quaternary Xa/LACI/VII(a)/TF com- 
plex See, e.g., Broze et a!., Blood 71 , 335-343 (1988); Sanders et al , Ibid. 66 , 204-212 (1985); and Hubbard et al , 
Thromb. Res. 44 , 527-537 (1987). 

Sequence analysts of complementary DNA clones has shown that Lj^CI contains three tandemty repeated Ku- 

20 nit2-rype serine protease inhibitory domains. See. e. g. Wun et al. , J Biol Chem. 263 , 6001 £004 ( 1 988), Girard et al , 
Thromb Res 55 , 37-50 (1988), Girard et al . Nature 338 , 518-520 (1989), and European Patent Application No 
31 8,451 published May 31 , 1 989 Both the first and second Kunitz domains of LACI are necessary for inhibition of VII 
;a)/TF. The present inventors have prooosed that in the putative Xa/L*CI/V!t(a)/TF mhtortory complex, LACI's first Kunitz 
domain ts bound to the active site of VIlfayTF while the second Kunitz domain is bound to Xa's active site as reported 

2S n Nature 338 , 518-520 (1969). 

Coagulation Factor X (Stuart factor) is a two chain molecule covalentty linked by a disulfide bridge Proteolytic 
release of a peptide from the heavy char of zymogen Factor X through the action of V1l(aVTF (or Factor iXa wrth its 
cofactor Villa) produces the active enzyme Xa. The heavy chain of Xa contains the catalytic site whereas Xa's light 
chain contains an NH 2 -terminal, y-carboxyglutamc acid (gla)-contammg domain, when is responsible for Ca~ binding, 

30 'oltowed by two growth factor-like domains which may in part mediate its interaction wrth specific coagulation cefaclors 
Chymotryptic treatment of bovine Xa cleaves the gta -containing domain from the NH 2 -terminus of the molecule (residues 
1 -44), and although LACI binds to and inhibits gla-oomainless Xa, Xa(-GD). LACI in the presence of Xa(-GO) does not 
nhibrt Vll(a)/TF activity 

3S Brief Description of the Invention 

In accordance with the present invention a novel single-Cham hybrid protein is provided which is a potent blood 
coagulation inhibitor This hybrid proten has been synthesized whereby it has an ammo acid sequence composed of 
♦wo subsequences of human plasma Factor X and human Lipoprotein- Associated Coagulation Inhibitor (LACI), respec- 
40 ttvely. In this hybrid, protein, Factor Xa's light chain is fused to LACI's first Kunitz domain. 

In a preferred embodiment, a genetically engineered hybrid protein, designated X^LAC!*,, consisting of the light 
chain of Factor X and LACI's first Kunitz doman, which mhibtts V1l(aVTF activity directly, was prepared. In contrast to 
UVCI's mode of action, inhibition of V1l(ayTF activity by X^LACIk, is not Xa dependent X^LAC^, expressed by ceHs 
grown m the presence of warfarin, which inhibits r-carboxylation of the hybrid protein, dramatically reduced mhtortory 
4$ activity, thereby indicating the LACI K j portion of the hybrid protein atone was not sufficient for rts inhibitory activity. 

in a preferred embodiment to prepare X^LAC^ , conventional recombinant DNA procedures were used to design 
a hytond gene encoding for Factor Xs proleader sequence (which directs the Y-carboxyiation of glutamic acids) and light 
chain fused to a sequence encoding LACI's first Kunitz domain 

Usiig a previous numbering system m which amino acid +1 was assigned to the first methionine after a stop codon 
50 m the 5'-noncox*ng region, the first Kunitz domain was originally designated as LACI{47-117) See European Patent 
Application No. 31 8.451 . published May 31 , 1 969, and Wun et al. , J. Biol. Chem 263 . 6001 -6004 ( 1 968). In a preferred 
numbering system in which amino acid +1 is assigned to the NH 2 -terminus of the 276 amino acid LACI protem, the first 
Kunitz domain can be designated LACI(i9-89) See Girard et al.. Nature 336 , 518-520 (1969). It will be appreciated, 
however, that variations in length and composition of the first Kunrtz domain or the individual rtemal amino acids which 
ss do not adversely or detrimentally affect the biological activity of the hybrid protein as defined herein are included within 
the scope of the invention. Thus, m the illustrative embodiment, X lc LACIk,, the first Kunrtz domain in the hybrid protein 
is a subsequence of 79 amino acids which deludes LACI (1 2-68) wrth an additional Met-Hie at the C-termmus. 

In a like manner, the light chain sequence of Factor X in the hybrid protein which includes the proieader sequence 
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Rescues -40 to -i) and the light cham sequence rescues i to ^31) Tor a tota 1 of 171 amino acids m the preferred 
emDodmert, X^LACIk,, can also vary n length ana composition or m the individual internal ammo acids to !he extent 
*hat it does not adversely or detrimentally affect the biological activity of the hybrtd prolan as defined heretn 

T he cDNA sequence ot a nytond gene encoding tor the X LC LACi K , hybnd protein .s shown m the following 788 bp 
sequence wnich ncludes porions of tne 5'- and ^-noncoding r eg»ons Nucleotides are ^umbered above the cDNA 
sequence The corresponding 250 amino acids of the hybrid protein are shown below the cDNA sequence 
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10 20 30 40 50 60 

GGATCCGAATTCGGATCCACCATQGGGCSCCCACTGCACCTCGTCCTGCTCAGTGCCTCC 

MGRFLHwVwLSAS 

70 30 90 100 110 120 

-TGCCTGGCCTCCTGCTGCTCGGGGAAAGTCTGTTCATCCGCAGGGAGCAGGCCAACAAC 
\aGLLLl-GES!-F:RREBANN 

: - 0 i 4 n 150 160 170 ISO 

ATCCTGGCGAGGGTCACSASGGCCAATT-CTTTCTTGAAGAGATGAAGAAAGGACACCTC 
j L ARVT*.AN3FLEEnrrGH- 

190 2rtr 210 220 230 240 

3AAAGAGAGTGCATGGAAGAGA2CTG2-CATACGAAGA65CCCGCGAGGTCTTTGAGGAC 
ERECMEETCSYEEAREVFED 

-50 260 270 290 290 300 

AGCGACAAGAC^AATGAATTCTGGAATAAATACAAAGATGGCGACCAGTGTGAGACCAGT 

£D , TjsjEFWNrVKDSOCCETS 

z2 0 370 340 350 360 

C^TTGCCAGAACCAGGGCAAATGTAAAGACGGCCTCGGGGAATACACCTGCACCTGTTTA 
c CC NCGKC»DGL2EYTCTCL 

370 380 390 400 410 420 

GAAGGA^TCGAAGGCAAAAACTGTGAATTATTCACACSGAAGCTCTGCAGCCTGGACAAC 

eg'fegkncc.ftrkucsldn 

4?fi £41-- 430 460 470 430 

GGGGACTGTGACCAGTTCT3CCA2SAGGAACAGAA2T3TGTGPTGTG2TCCTGCG222GC 

- : c r- r . ^ - c -< : v v : C 2 A F. 

r- • - ■ "2 * "-3 ; ^ ; "*" ) 

r^r T - ~' --r^G'-2TG^r-ACG^2A'*r::3CT3CA-T22CA2A2GG2:2TACC2CACA3AT 

3 y l A i' M G ^ w 

W n 360 570 580 590 600 

A-GGAGTTGCCACCACTGAAACTTATGCATTCATTTTGTGCATTCAAGGCGGATGATGGC 
TELF'PUKLMHSFCAFKADDG 

6 10 620 630 640 650 660 

CCATGTAAAGCAATCATGAAAAGATTTTTCTTCAATATTTTCACTCGACAGTSCGAAGAA 
PCKAIMKRFFFNIFTRQCEE 

67r> 680 690 700 710 720 

TTTATATATGGGGGATGTGAAGGAAATCAGAATC6ATTTGAAAGTCTGGAAGABT5CAAA 
p I YGGCEGNQNRFESLEECK 

730 740 730 760 770 7B0 

AAAATGTGTACAAGAGATAATGCAAACAGGATTATAAAGACAACAATGCATTGATBAAGC 
KMCTRDNANRI I K T T rl H * 

790 800 810 820 830 940 

TTGGATCC 

in the preferred embodment illustrated herein, the hybrid gene was inserted into a bovine papilloma virus (BPV) 
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expression vector and the gene was transfected into mouse C127 fibroblasts Use of BPV m a process for producing 
ecombtnant DNA suitable for ntroaucucn and replicator m eukaryotic ceils s -veil known as can be seen e g Irom 
^ S Patent 4 419,946 It will be appreciated that the novel hybrid gene can be used for transfection of other prokaryotic 
and euKaryotic cells, e g. E coli ce is or n Chinese Hamster Ovary (CHO) cells ard the like mammalian cells, for 
5 expresscn of the hybnd protein 

An illustrative example of a conventional and suitable BPV expression vector is the plasmid pMON1 1 23 This vector 
s based on the 1 00% viral genome ligated to the well-known pBR32? derivative of pML2 and utilizes the moose met- 
altemonem ■ promoter and the SV40 Late poly A addition srte to regulate the expresscn of 'oreign genes its use tor 
■he expression of LACI is described by Girard et ai Thromb Res 55 . 37-50 (1989) 

detailed Description of the -nvention 

While the specification concludes with claims particularly pointing out and distinctly claiming the subject matter 
-egarded as forming the present invention, it is believed that the invention will be better understood from the foilowrg 
'5 detailed description of preferred embodiments of the invention taken in conjunction with the appended drawings, n 
when, briefly 

FIG 1 is a schematic diagram of an illustrative hybrid protein of the invention, designated X^LAC!*, The layout of 
"actor X ught chain structure is based on Leytus et at Biochemistry 25 . 5098-5102 (1966) The LACI-denved portion 
of the hybrid protein is shaded and is based on Girard et a! Nature 336 . 516-520 (1969) The arrow indicates the 
20 probable cleavage site to generate the mature protein 

FIG 2 shows Western blots which illustrate the expression of the recombinant hybrid protein Relative molecular 
masses of standards are snown at the rght. 

FIG 3 shows SDS-PAGE and silver staring of the purified X LC LACI K | (250 ng). The reduced sample contained 
1 25% 2-mercaptoethanoi Relative molecular masses of standards are shown at the right 
2S FIG 4 is a graphical representation which shows inhibition of VII(a)/TF by punfied LACI m the presence (•), or 

absence (O) of 0 1 jig/ml Factor X 

FIG 5 is a graphical representation which shows inhibition of V1l(a)/TF activity by barium sulfate eluted X^LACIkj 
n the presence (•); or absence (O) of 0 1 up/ml factor X. 

FIG 6 is a graphical representation which shows inhibition of TF-mduced coagulation by punfied X^LAC^, (C); 
30 and LACI <•). 

FIG 7 shows a Western blot which illustrates the presence of X^LAC^ in the media of C10 1 ceils cultured with 
vitamin K or warlann 

FIG 3 is a schematic of the proposed inhibitory complexes with LACI and with X^LAC!^. indentations represent 
the active sites for Vll(a) and Xa; and the protrusions represent LACIs' three Kunrtz domatns in the quaternary Xa/LA- 
3S ciA/fi(ayTF complex, Xa is bound at its active srte to LACi's second Kunrtz domain and vll(a) is bound at rts active srte 
to the first Kunrtz domain of LACI Xa's gla domain interacts m a Ca— dependent fashion wttn an as yet to be identified 
site of the Vlla/TF complex. The Xl C lACI ki hybrid protein Hkery substitutes for the Xa/LACI complex 

Standard biochemical nomenclature is used herein m which the nucleotide bases are designated as adenine (A), 
■hymre (T), guanine (G). and cytosme (C) Corresponding nucleotides are, for example, deoxyguanosme-5'-trphos- 
4€ phate (dGTP) As is conventional for convenience m the structural representation of a DNA nucleotide sequence only 
one strana is shown in when A on one strand connotes T on its complement and G connotes C 

Ammo acids are shown herein erther by three letter or one letter abbreviations as follows: 



ss 



Abbreviated Designation 


Amino Aod 


A 


Ata 


Alamme 


C 


Cys 


Cysteine 


D 


Asp 


Aspartic acxj 


E 


Glu 


Glutamic actd 


F 


Pha 


Phenytaianre 


G 


Gry 


Glycine 


H 


Hit 


Histidine 


1 


lie 


isoteucre 


K 


Lys 


Lysne 


L 


Leu 


Leucine 



Continuation oi the Table on the next page 
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(continued) 



Abbreviated Designation 


Ammo Acid 


M 


Met 


Methionine 


N 


Asn 


Asparagine 


P 


Pro 


Proline 


Q 


Gin 


Glut amine 


R 


Arg 


Arginme 


S 


Ser 


Serine 


T 


Thr 


Threonine 


V 


Vai 


Valine 


W 


Trp 


T7ptophan 


Y 


Tyr 


Tyrosine 



Commonly available restriction endonucleases described herein have the fo lcwrg restriction sequences and (in- 
dicated by arrows) cleavage patterns: 



Ban HI 



Eco RI 



Nsi I 



k 

CpCGGG 

dSbATCC 
CCTAC^J 

gI^attc 

CTTAAG 
t 

ATCcA* 
TACCTA 
t 



in the sequences shown n FIG 1 , y refers to y-carboxyglutamtc acid, and P refers to p-hydroxyaspartic acid 
in a preferred embodiment of the invention, a hybrid gene encoding for Factor )Cs preproieader sequence (which 
directs the y-carboxylaton of glutamc acids) and light chain fused to a sequence encoding LACI's first Kunitz domain 
was designed (Fig 1) Inserted into a bovine papilloma virus expression vector, this gene was transf acted into mouse 
C * 27 fibroblasts Expression of the hybrid proten molecules into the media by a transfected clone, designated C1 0 1 . 
was detected using Western blot analysis. Both a monoclonal anttoody to Xa's ligfit chain and a polyclonal igG fraction 
to the NH 2 -terminal sequence of LAC I resulted in stnitar staining patterns with the domnantry stained material migrating 
at 30 000 molecular weiojrt (MW) and a lees intensely started band at 26,000 MW (Fig. 2). A diffuse band wtth MW 
52 000 was also observed and aithouc/i rt could represent oligomenc hybnd complexes, the identification of this material 
-emains unclear. 

SDS-PAGE and stiver stain rg showed that the purified hybnd proten consuls of a dominant 30 000 MW band wrth 
mror banc* ot 31,000 and 28,000 MW. This staining pattern was also observed under reducing conditions thereby 
ndtcating that ths mufttpta bands are not smpry due to alternative disulfide bonding (Fig 3) 

The ability of the expressed X^LAC!^ molecules to mhfoit VII(a)/TF activity was investigated VH(a)/TF actrvily was 
determned by the release of the activation peptide from its substrate factor IX [Girard et al Thromb Res 55 . 37-50 
,1 966)] Assaying extracted gel slices tol towing SOS-PAGE of the C 10 1 cells' conditioned media showed that functional 
nh ib ton/ activity co-migrates wtth immuno-stained material having a MWof 30.000 No inhibitory activity was observed 
'or the 28,000 or 52.000 MW matenaJs. As previously demonstrated [Broze et al . Blood 71 , 335-343 (1988)]. Fig 4 
Hustratee that the inhibition ot Vll(aVTF activity by LAC I is dependent upon the presence of Factor Xa. In contrast 
nhibiton of V1l(a>TF activity by the X^LAC!* Hybnd was not dependent on Xa (Fig. 5). 

X cC UVCI Kt was compared to LACI for the abilrty to mhibrt TF -induced coagulation of normal plasma as measured 
n a modified prothrombin time assay. Fig. 6 shows that 50% apparent TF nhtoitcn occurred wrth 35 ncyml X^LAC!*, 
while 2 5 u.cyml LACI was required for the equivalent effect The greater relative inhibitory activity of X^LAC!*, in this 
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system is believed to reflect is ability to directly mhibrt VHa/TF while UVCI requires the generation of Xa belore its 
nhibiton of Vlla/TF becomes manifest Further the inhibitory effect of LACt r the orothrombtn time assay is at least 
partly due to rts direct inhibition of Xa since at the same concentrations, LACI also prolongs surface contact activated 
coagulation of normal plasma, as measured by the actrvatec partial thromboplastin time (aPTH 

s The Y-carboxylation of glutamc acid residues on Factor X , s light chain requ res a vitamin K dependent process 

which is innibrted by warfarin Replacement of vitamin K wrth warfarin n the CiO " culture media results in an - 80 fold 
-eduction in VII(a/TF inhibitory actrvrty (Table 1 ). while reducing the quantity of X^LAC^ in the media only - two fold 
Fig 7> Banum surfate, whch selectively adsorbs gia -con taming molecules [Kisiel & Davies. Biochemistry 14, 
4928-4934 (1975)], binds the VII(a)/TF mhioitory activity expressed by C10 1 ceils grown in the presence of vitamin K, 

'0 ndicatmg that the functional Xt_ c ^CI Kl is v-carboxylated (Table 1) Thus the yorboxyiation of X^LAC!*, appears 
assential for its VII(a)/TF inhibitory activity, and ft is concluded by the inventors that the LACl KI ponion of the hybnd 
protein alone is not sufficient for the observed nhibrtory activity In addition, neither Factor X. Xa nor inactivated Xa (Xa 
:reated with darwyl-L-glutamyt-L-glycyl-L-argmme chloromethyl ketone) possessed Vll(a}/TF inhibrtory actrvrty though 
aach contars the X light chain found in the X^LAC^, hybnd These results indicate both the X light chain and LACIk, 

rs portions of the hybrid protein are necessary for V1l(a)/TF inhibitory activity 

A schematic illustrating the formation of the Xa/LACI/VII(a/TF and \ c LkC\ K WWa) fT? inhibitory complexes is 
snown in - ig. 8 It is believed by the inventors that the X^LAC!*, mimics the Xa/LACI complex m binding to and mhibitrg 
Vlla/TF LACI's inhibition of VII(a)/TF actrvrty occurs by a novel feedback inhibition mechanism requiring the generation 
of Xa. a product of VH(a)/TF catalytic activity In contrast, the X LC L^CI KI hybrid proten inhibits VII(a)/TF activrty directly. 

20 in order to illustrate the invention in greater detail the following preparative laboratory work was carried out to gen- 

erate the reeulte eat forth herein, including the appended drawings The methods described are subdivided for relation 
:o the 'esurts shown in FIGS. 1 to 7 and Table i it will be appreciated, however, that the invention is not limited to these 
specific examples. 

2S EXAMPLES 

-IG. 1 

Site^directed mutagenesis was performed on a modified LACI cDNA insert [Girard et al.. Nature 338 . 518-520 
30 ;1 969)] to create a Nai I site between LACI's first and second Kumtz domains' coding sequences A naturally occurrrg 
Nisi i site exists upstream from the first Kunrtz doman's coding sequence Following Nsj I digestion, the regjon enoodrg 
_ACI's first Kunrtz domain was isolated and h gated into the Nsj I site of pGEMX LC to create pGEMX<_ c LACI Kl . pGEMX tc 
was derived from a commercially available plasmid, pGEM (Promega, Madison. Wl) containing a cDNA insert encodrg 
'or human Factor X with the naturally occurring Eco Ri site eliminated by a modification which does not after the encoded 
3S ammo acid sequence (from A. Strauss, Washington University, St Louis, MO). pGEMX^ contains a modified partial 
cDNA encoding for the light chain of Factor X lined via an Apa I site to complementary synthetic oligomers. The synthetic 
oligomers encode for additional Factor X light chain sequence, followed by LACI NHg-terminal sequence whch precedes 
:he first Kunrtz domain and includes the naturally occurring Nsj I site, followed by two stop codons and convenient 
restriction site palindromes. The pGEMX^LACIki insert was excised wrth Bam HI and ligated into the bovne papilloma 
40 virus expression vector pMON1 1 23 and the resulting plasmid. pMONXlcLACI,, was used wrth pSV2neo to co-transfect 
Ci27 mouse fibroblasts [Girard et al.. Thromb. Res. 55 , 37-50 (1996)] 



45 For the Western blots, five fokl concentrated serum-free conditioned media (25 u,l) from a transf acted cloned cell 

me designated C10 1, and 40 ng purified LACt or 60 ng Factor X were run on a 1 5% poJyacrylamide gel, transferred 
t 0 nrtroceilutaaa, probed wrth anti-LACI,^,^ igG or anti-X monoclonal antibody and cokxi metrically developed by 
conventional procedure as deecnbed by Gira/d et aL Thromb Res. 55 , 37-50 (1988) 

so fig. 3 

Xlc^C'ki ^as purified from C10.1 serum free conditioned media by barium surfate adsorption and elution [Kisiel 
4 Davies, Biochemistry 14 , 4928-4934 (1975)]. followed by anhydrotrypsm atfigel affinity chromatography [Ishii et al., 
Meth Enzvmol. 91 . 378-383 (1983)1, Mono Q anon exchange chromatography [copending application Ser. No. 
55 07/77,366, filed July 23, 1987 and Broze et ai , Blood 71 , 335-343 (1986)]. 
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-13S 4 and 5 

The purification of LACl was earned out by conventional procedure as described by Broze at al , Thromb Res 48 , 
253-259 (1988) X LC LAO K] was partially punfied from 200 mi of C10 1 senum-tree conditioned media by banum sulfate 
acsorption (KiSiel & Davies. supra ] and eluied 3 2 M sod* urn citrate "^e oreparatran was then concentrated ard 
dialyzed irto TS butter c ; 1 00 mM NaC 50 mM tns-HCI pH 7 4), final volume = 1 m! Vli(a/TF mntbrtion was assayed 
jsmg a previously described 3 H-IX ac:tvaton peptide -eiease assay [Girard et a! Thromb Res 55 37-50 f 1 988)] 
except that the factor VII in the a.^say was replaced with Vila since m some assays no X lor Xa) is present to actuate 
•neVH'oVlla Heparin 2 un.ts/ml) was also present ,n :he assay system in this assay the activation of IX by VI l(a)/TF 
s moasurod as r eiease of TCA soluble tntiated activation peptide f rom radiolabeled IX and VHfaVTF mhibrtory actrvity 
esjils n decreased TCA soluble cpm [TCA = trichloroacetic acid]. Nanograms LACl equivalents were determined from 
a standard -AC I concentration curve 



TF-mduced coagulation was measured by a modified prothrombin time assay in a fibrometer {BBL Cockeysville. 
viC) by ncubat^ng 60 ul rabbit brain cephalm 60 ui crude EDTA-washed TF Broze & Majerus, J Biol Chem 255 . 
1242-'' 247 (1980)], 10 u,l sample and 50 al normal human plasma (George King, Overland Park, KS) at 37°C After 30 
seconds. 60 u.1 CaC^ (25 mM) was added and :he time to clot formation determined in the absence of the inhibitors 
:ho ctottmg time of the assay was 29 seconds A standard curve plotting TF concentrat.cn versus cloning time (log-log 



Table 1 

This table shows the effects of vitamin K 
versus warfarin on the expression of VII(a)/TF 
inhibitory activity and the ability of barium sulfate 
to adsorb this activity. 



Coapariaon of VII(a)/TF inhibitory activity erpressed by C10.1 
cells grown in the presence of vitamin K versus warfarin 



expressed inhibitory activity 

sample (nt LACl equivalence/il media) 

vitamin K 

media 590 

BaS0 4 nonadsorbtd 3 

&*SO« adsorbed 420 

warfarin 

media 7 

3aS0 4 nonadsorbed 1 

3aS0 f adsorbed 0 



Upon reaching confluence, CTO 1 cells expressing X^LAC!*, were transferred to serum-Ires conditioned madia 
containing vitamri K ( 1 u.g/ml) or warfam (20 p-cyml) The culture madias ware replaced on days 0, 1 and 2 and harvested 
on day 5 Ten ml of each media were banum sulfate adsorbed as deserted under Fig a above, and adsorbed proteins 
were eluied with 02 M sodium crtrate The banum sulfate adsorbed and eluted materials, banum sulfate nonadsoroed 
materials and 1 0 ml ol additional conditioned mediae were each dialyzed into TS buffer and concentrated: final volumes 
- t ml each Samples were diluted appropriately in TBSA buffer and assayed for tnhtbrton of VllfayTF activity fsiano- 
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grams LACI equivalents were determined from a standard LACI concentration curve 
= IGURE 7 

5 For the Western blot, 20 uJ of eacn concentrated media was electrophoretealiy fractionated by SDS-PAGE :rans- 

'erred to nrtrocelluloae, probed with an anti-X-monocional antibody followed by an anti-mouse igG-alkanne phosphatase 
corjjgate and developed colonmetncaJty 

Various other examples will be apparent to the person skilled m the art after reading the present disclosure without 
departing from the spin! and scope of the invention It is intended that ail such ether examples oe included within the 

10 scope ol :he appended claims 



Claim* 

'5 1. A single-chain hybrid protein having an ammo acid sequence composed of two subsequences corresponding to 
the lignt chain of Factor X and LACI's first Kunitz domain. 

2. A single-chain hybrid protein havng an ammo acid sequence as shown in F ! G 1 (Fig t A + Fig 1 B) ol the drawings 
2Q 3. The single-chain hybrid protein of either Claim 1 or Claim 2 for use as a medicament. 

4. The singie-cham hybrid protein of either Clam 1 or Claim 2 for use as a blood coagulation inhibitor 

5. The single-chain hybrid protein ot erther Claim 1 or Claim 2 for use as a blood coagulation inhibitor in a mammal 

25 

a. Use of a single-chain hybrid protein according to either Claim 1 or Clam 2 for the manufacture of a medcament for 
use as a blood coagulation inhibrtor in a mammal. 

7. A DNA sequence compnsng a sequence encoding the hybnd protein of Clam 1 

30 

3. A DNA sequence compnsng a sequence encoding the hybnd protein of Clam 2 



Petemanepruche 

35 

1 . Einkettiges Hybndprotein mrt einer Ammosauresequenz, die aus zwei Untersoquenzen zusammengesetzt ist, ent- 
sprechend der lechten Kane von Faktor X und der ersten Kuniu-Dornane von LACI 

2. Einkettiges Hybndprotein mrt etner Amrosauresequenz, wie in Fig 1 (Fig. 1 A + Fig 1 8) der Zeichnungen gezeigt. 
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3. Einkettiges Hybndproten nach Anspruch 1 Oder Anspruch 2 zur Venwendung ale Medikament 

4. Einkettiges Hybndprotein nach Anspruch 1 Oder Anspruch 2 zur verwendung ate Blutkoagulatjonsmhibrtor 

*s 5. Einkettiges Hybndprotein nach Anspruch i oder Anspruch 2 zur Verv^ndung ate Blutkoagulatxyisinhibrtorbeieinem 
Sauger. 

a Verwendung eines einkettigen Hybridproteins nach Anspruch 1 Oder Anspruch 2 zur Erzeugung ernes Medikaments 
zur Vtorwondung ate Btuttoagulatknsnhibrtor bei em em Sauger 
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7. DNA-Sequenz, welche erne fur das Hybndprotein des Anspruchs 1 cocberende Sequenz aufwetst 
a DNA-Sequenz, welche eine fur das Hybndprotein des Anspruchs 2 codierende Sequenz aufweist. 
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Revendtoatlone 

1 . P rote me hybnd© a chafne unique, dont la sequence tfactdes amines se compose de deux sous -sequences cor res - 
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pondart a la cnaTne legere du lacteur X ei au premier domains de Kunrtz du LACl 

2. Protdine hybride a chain© untque. dont la sequence dacides amines est representee sur la figure 1 ;figure 1 A * 
figure 1B) de* dessina 
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3. Proteme hybride a chain© unique, conforme a rune ou rautre des revencicatons 1 et 2 destine© a etre jtilis^e 
xmne medicament 

4. Proteme ^ybrtde a chalne unique conform© a Tune ou I'autre des revencicatons 1 et 2. destmee a etre utilise© 
j o xmne mhibrteur de la coagulatton du sang 

5. Proteme hybride a chain© unique, conform© a I'une ou I'autre des revencicatons 1 et 2. destmee a Qtre utilise© 
zt&z un mammifere comme mhibiteur de a coagulation du sang. 

'5 5. Errploi tfune proline hybride a cnaine unique, conforme a Tune ou I'autre des revendications i et 2 pour la pre- 
paration d'un medicament destine" a etre utilise chez un mammrfere comme mhtoiteur de la coagulation du sang 

7. Sequence d'ADN cornportant une sequence codant une protdine hybride conforme a !a revendicaton 1 

20 8. Sequence d'ADN comportant une sequence codant une proteme hybride conforme a la revendication 2 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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FIG. 8 



J 



